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enlisting the help of politicians, lobbyists, and educators, in
addition to their own fund raising efforts.4 This was fol-
lowed by a major growth in basic science departments in
the remaining medical schools, coupled with growth in
basic science research. However, the utility of basic science
in clinical medicine was not uniformly appreciated, result-
ing in fragmentation of teaching because basic science was
not integrated in clinical medicine.5
Understanding the basic science underpinnings of dis-
ease processes is a well-established hallmark of modern
medical education. Recognizing the importance of this rela-
tionship, the leadership of the Association of Program
Directors in Vascular Surgery (APDVS) sought: (1) to
gather information regarding the opinions of program
directors on current basic science teaching in vascular resi-
dencies including evaluation, if any, of the basic science
knowledge of vascular residents; (2) to gather information
on the performance of vascular residents on the basic sci-
ence items on the Vascular Surgery Qualifying Examination
(VQE); and (3) to use this information to make recom-
mendations on the integration of basic science teaching into
vascular residencies. This report summarizes those findings
and the resultant recommendations.
The incorporation of basic science education in med-
ical training was recommended in 1910 by Abraham
Flexner in a landmark report commissioned by the
American Medical Association in an effort to identify weak
and inadequate medical schools.1,2 The Flexner report pro-
posed sweeping changes to strengthen the academic and
scientific components of medical education.2-4 In the
“post-Flexnerian era,” schools unable to provide credible
academic programs were closed. By the mid 1920s, 32 of
55 medical schools had closed.5-7 Some “marginal” schools
went to extraordinary measures to ensure their survival,
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Recognizing the importance of basic science teaching in surgical education, the leadership of the Association of
Program Directors in Vascular Surgery (APDVS) appointed a panel to gather information and to present its findings
at the 1999 Annual Fall Meeting of the APDVS. A questionnaire was distributed to the program directors present. In
addition, information was gathered from the American Board of Surgery regarding the basic science content in the vas-
cular surgery item pool on the Vascular Surgery Qualifying Examination (VQE). The vascular surgery unit of the sur-
gical resident curriculum was also analyzed. Fifty-three program directors (64%) completed the questionnaire.
Although only two program directors felt that their residents were better prepared to answer basic science questions,
the results of the VQE showed that the examinees do not, as a group, perform differently on basic science items than
on clinical management questions. In addition, only a minority of program directors (15%) use a specific method to
monitor the learning process of their residents. The majority of the program directors responding (75%) felt that they
were capable of teaching basic science to residents. Interestingly, almost half the 53 respondents (47%) said that a basic
science curriculum should be comprehensive, not exclusively relevant to the clinical setting. VQE content outline and
the vascular surgery unit of the surgical resident curriculum revealed great emphasis on clinically relevant basic science
information. The APDVS panel recommends that a basic science curriculum should be comprehensive, yet clinically
pertinent, and completely integrated with the clinical curriculum. In terms of how to teach basic science in vascular res-
idencies, the panel supports teaching conferences that are problem-based with a faculty member acting as the “resource
person” and with specific goals set for the conferences. The panel also suggested establishing a Web site that provides
a series of questions, the answers of which could be readily available to trainees and program directors. Such immedi-
ate feedback could be of great help to program directors to focus the learning process of their residents and monitor
its progress. (J Vasc Surg 2001;33:854-60.)
MATERIALS AND METHODS
Questionnaire. The program directors attending the
1999 Annual Fall Meeting of the APDVS were given a 12-
item questionnaire (Fig 1) designed to obtain information
about the programs represented and to solicit opinions
regarding whether basic science should be taught, what
the content should be, and who should be teaching it. In
addition, program directors were asked to provide opin-
ions regarding the most efficient way to teach basic science
to vascular residents. Because there is a perceived weakness
in the knowledge of basic science of vascular disease, the
questionnaire included questions relating to the percep-
tion of program directors regarding the performance of
the vascular residents on basic science items on the VQE.
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Vascular surgery residents’ performance on basic
science items on the VQE. Information regarding the
708 basic science items that comprise the vascular surgery
item pool was obtained from the American Board of
Surgery. One hundred thirty of these items were deemed
to be “basic science.” These items were further catego-
rized and subcategorized into various basic science areas.
All these items were used on examinations in the last 8
years, and most had been used within the last 2 years.
When an item had been used on multiple examinations,
the performance characteristics for only its most recent use
on a VQE were considered. In addition to the 130 items,
10 basic science items were identified that had been on a
VQE during the last 3 years, but they were then deleted
Fig 1. Questionnaire distributed to vascular surgery program directors present at the Annual Fall Meeting of the APDVS held in San
Francisco on October 10, 1999. Numbers in boldface indicate the numbers of respondents agreeing with a particular item. Note: The
number of respondents to question 6 does not add up to the total number of respondents (53) because four respondents left that ques-
tion unanswered.
VQE. The remaining seven respondents maintain frequent
contact with the residents to discuss various clinical and
basic science topics, thereby helping the program director
to evaluate the residents’ preparation for the VQE. Most of
the respondents (75%) thought that they were prepared to
teach basic science issues to residents. In addition, only 23
(43%) said that a specific faculty member, rather than all fac-
ulty, can teach basic science topics. Interestingly, almost half
the respondents (47%) said that a basic science curriculum
should be a comprehensive one and not one that is only
clinically relevant.
The answers to question 12 of the questionnaire,
“What would be the best and the most efficient way to
teach basic science topics to vascular residents?” are sum-
marized in Fig 2.
Vascular surgery residents’ performance on basic
science items on the VQE. The basic science categories
on the VQE and the performance characteristics of the
examinees are summarized in Table I. The number and
percent of the basic science items in each category are
listed in the second and third columns of Table I, respec-
tively. The overall value of PT (percent of examinees
answering correctly) was 71% and the overall R value (dis-
crimination index between high scorers and low scorers)
was 0.23. These values are similar to the PT and R values
for each VQE given during this period (data not shown).
Thus, even though basic science items are a minority of
the test items, they do not, as a group, produce scores any
different than do clinical management items.
The fourth and fifth columns of Table I show the
respective average PT values and average R values within
each of the basic science categories. These PT values range
from 56% to 94% and the R values from 0 to 0.35.
However, the low number of items in some categories (eg,
biochemistry, prosthetic graft materials) makes an accurate
comparison difficult. The analysis of variance of the differ-
ences among PT values within categories with eight or
more items reveals statistically significant differences
among the groups (P = .013, F = 2.668).
To assess the difficult topic areas, the 140 basic science
items were filtered for items where the PT value was less
than 50% (ie, less than half the examinees answered cor-
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from final scoring because the examinees performed
poorly with those items (ie, < 30% of the examinees
answered the item correctly).
VQE content outline and the vascular surgery unit
of the surgical resident curriculum. The content of
these outlines was examined by the panel to identify the
current test requirements for residents in vascular surgery
and in general surgery. In addition, any duplication
between the two sets of requirements was identified.
Statistical analysis. Analysis of variance was used to
assess the results of performance on the basic science items
of the VQE. A P value less than .05 was considered sig-
nificant.
RESULTS
As of October 1999, there have been 81 vascular
surgery residency programs approved by the Accreditation
Council for Graduate Medical Education, with a total of
100 vascular surgery residency positions. Although vascu-
lar surgery residency is approved for 1 year, 53 of these
programs are 2-year programs; the extra year is used
mainly for research (basic science, clinical, or both). In
addition, there are seven free-standing programs that offer
a total of seven positions.8
Questionnaire. A total of 53 program directors
responded to the questionnaire. Their answers to questions
1 through 10 are given in Fig 1. Although the vast major-
ity of program directors (94%) responding thought that
basic science should be taught during vascular surgery resi-
dencies, only 13 respondents (24%) actually require a spe-
cific text to be read by the residents. Most program
directors thought that their vascular residents are less pre-
pared (37% of program directors) or equally prepared (51%
of program directors) to answer the basic science questions
on the VQE than they are to answer the clinical questions.
Only two program directors felt that their residents were
better prepared to answer basic science questions. Although
a majority of program directors (68%) said that they moni-
tor the “learning process” of their residents, only a minor-
ity (15%) use a specific method to do so. When asked about
the specific methods used, only one responded with the use
of a “brief ” examination to evaluate the preparation for the
Fig 2. Answers to question 12 of the questionnaire (see Fig 1): What would be the best and most efficient way to teach basic science
topics to residents?
rectly). Twenty-five such items were identified. The sixth
and seventh columns in Table I list the number and the
percentage of these items, respectively, among the basic
science categories. Anatomy, physiology, coagulation, and
pathology contain the preponderance of these items. The
keywords of the 25 items with PT values less than 50% are
shown in Table II to avoid problems that might arise
because of an arbitrary assignment into a basic science cat-
egory. As might be expected, the percentage of items in a
category where the PT value was less than 50% correlates
with the average PT value for the category.
VQE content outline and the vascular surgery unit
of the surgical resident curriculum. Basic science is part
of every component of the VQE content outline (detailed
list, online only). The following components are included:
arterial system, venous system, lymphatic system, trauma,
complications, miscellaneous, and total vascular system.
Each component contains subdivisions; for example, the
arterial component includes: carotid-vertebral disease,
upper extremity arterial insufficiency, thoracic outlet/
vasospastic disease, aortoiliac disease, celiac/mesenteric
disease, renal arterial disease, and femoropopliteal disease.
In addition to clinical knowledge, basic science knowledge
is required for each subdivision. This basic science knowl-
edge includes anatomy, physiology/pathophysiology, and
pathology/pathogenesis. For example, knowledge of the
following is required to have an understanding of the
anatomy of the carotid-vertebral disease: the anatomy of
the seventh, ninth, eleventh, and twelfth cranial nerves
and their functions; nerves encountered during carotid
endarterectomy and their functions; baroreceptors and
chemoreceptors and their functions; carotid-vertebral col-
lateral pathways; and the anatomy of the carotid and ver-
tebral arteries. It is necessary to possess knowledge of the
physiology of cerebral blood flow and the pathogenesis of
carotid stenosis to attain a grasp of the physiology and
pathophysiology of carotid-vertebral disease.
The two objectives of the vascular surgery unit (unit
4.8) of the surgical resident curriculum are (1) to demon-
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strate knowledge of the anatomy, physiology, and patho-
physiology of the vascular system, including congenital
and acquired diseases and (2) to demonstrate the ability to
surgically manage the preoperative, operative, and postop-
erative care of patients with arterial, venous, and lymphatic
disease. Therefore, the first objective, regarding the
demonstration of knowledge of the anatomy, physiology,
and pathophysiology of the vascular system, reveals a sig-
nificant overlap with the basic science knowledge require-
ment in the VQE content outline.
DISCUSSION
Although basic science may not always seem useful to
medical trainees, this knowledge promotes the under-
standing of disease processes. Understanding was defined
by Sweeney5 as “the possession of a theoretical framework
into which new information can be inserted.” Sweeney
formulated the objectives of teaching basic science during
medical education; these objectives were to provide
understanding of the biological basis of disease as a con-
text for learning, to understand the significance of new
advances, to understand how a treatment will act, to be
able to explain concepts to patients in a manner that helps
them understand their condition, and to understand the
irrational thinking about health and disease. Therefore,
according to Sweeney, understanding appears to be the
justification for studying basic science.5 This understand-
ing proves important in gaining knowledge about new
advances, such as gene therapy or the reaction of the arte-
rial wall to endovascular graft placement—issues that can
be very pertinent clinically.
The same objectives apply to incorporating basic sci-
ence into the curriculum of vascular residencies. Added
benefits include encouraging new trainees to pursue the
development of the science of vascular disease and improv-
ing performance on the VQE. Although program direc-
tors that answered the questionnaire expressed concern
that their residents were less prepared to take the basic sci-
ence part of the VQE (Fig 1), the results of the residents’
Table I. Categories of basic science items that appeared on the VQE
Category No. items % Items PT (%) R value No. < 50% % < 50%
Anatomy 30 21.4 71 0.2 8 of 30 26.7
Biochemistry 3 2.1 85 0.33 0 of 3 0
Physiology, general 15 10.7 97 0.28 1 of 15 7.1
Physiology, peripheral 17 12.1 76 0.35 2 of 17 11.8
Physiology, visceral 10 7.1 61 0.26 2 of 10 20
Physiology, venous 8 5.7 56 0.05 3 of 8 37.5
Physiology, neuromuscular 9 6.4 64 0.2 3 of 9 33.3
Pharmacology 1 0.7 76 0.21 0 of 1 0
Microbiology 3 2.1 71 0.31 1 of 3 33.3
Pathology 16 11.4 64 0.2 4 of 16 25
Prosthetic graft 1 0.7 94 0 0 of 1 0
Coagulation 27 19.4 79 0.23 1 of 27 3.7
Overall 140 100 71 0.23 25 of 140 17.90
PT, Percent of examinees answering the items correctly; R, discrimination index (between high scorers and low scorers); < 50%, examinees answering less
than 50% of the items correctly.
examinations did not justify these concerns. Test values on
basic science items were similar to those values for the
entire VQE.
Although there may be some weakness in specific sub-
categories or topics (Table I), it is important to recognize
that poor performance on an item may result from unin-
tended problems in the way the item is written or inter-
preted by the candidates. Even though an item is deleted
from the item pool if less than 30% of the examinees
answer the item correctly, not all misleading items meet
this criterion. For instance, the item on the etiology of
false aneurysm had a PT value of greater than 30%
(although < 50%). The answer options for these items
included arterial wall failure and infection. In clinical prac-
tice, the frequency of a particular etiology often depends
on the interval from the initial operation. However, in the
question this interval was not specified, thus making the
correct response somewhat ambiguous. Such flaws are
more easily detected retrospectively than prospectively,
leading to continuous refinement of test items.
Although most program directors (95%) thought that
basic science teaching should be included in the curriculum
of vascular residencies, half thought that it should be a clin-
ically relevant curriculum. Almost 50% responded that the
curriculum should be a comprehensive one, which again
emphasizes the importance the program directors place on
basic science teaching in vascular residencies. Basic science
is part of every component of the VQE content outline,
and basic science knowledge is required for each of the
subdivisions of the outline. This includes anatomy, physiol-
ogy/pathophysiology, and pathology/pathogenesis. How-
ever, the vast majority of the basic science questions are
clinically relevant. Seldom, if ever, are molecular biology 
or cell signaling pathway questions included in the VQE.
The clinical relevancy of basic science questions lends itself
to easier incorporation of basic science into the clinical
teaching of vascular residencies, but the curriculum is not
comprehensive.
Although they agreed that some form of basic science
should be taught, the program directors did not agree on
how to teach it or on how to monitor the learning process.
Only 24.5% said that they require a specific text to be read
by the residents. When they were asked to give an opinion
on how to teach basic science, many suggestions were
offered (Fig 2). Respondents thought that assigned text,
lectures, and conferences were good ways to go about it.
However, the value of conferences is controversial. Other
specialties have struggled with this issue.9,10 Cruz et al9
reported on a national survey of chief residents in derma-
tology to characterize the role of basic science confer-
ences. Although the survey showed that chief residents
valued these conferences, it also showed that they were
dissatisfied with the structure and content of these confer-
ences. The authors summarized the residents’ comments
in three general areas: (1) conferences and course outlines
were poorly organized and had little structure; (2)
“experts” primarily addressed their own areas of interest,
leading to spotty coverage of the broad spectrum of top-
ics related to skin diseases; and (3) there was little attempt
to vary presentations to meet the special needs of residents
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Table II. Keywords of the items with PT value less than 50%
Category Keyword PT
Microbiology Effect of hypothermia 23
Physiology Vascular manifestation of ergotism 17
Anatomy Finding low stump pressure 49
Anatomy Persistent hypoglossal artery 45
Anatomy Collateral superficial femoral artery 43
Anatomy Blood supply to spinal cord 46
Anatomy Transient ischemic attack in vertibro-basilar vs carotid artery 38
Anatomy Tributaries of left renal vein 48
Anatomy Double vena cava 38
Anatomy Large nonrenal tributary of left renal vein 43
Physiology Characteristics of degree of stenosis of superficial femoral artery 48
Physiology Characteristics of subclavian steal 45
Physiology Characteristics of duplex scanning of visceral artery 43
Physiology Diagnostic test hypertension with high PS ratio 20
Physiology Etiology of perimalleolar venous ulceration 44
Physiology Test results associated with chronic venous ulcer 26
Physiology Etiological factors of primary varicose veins 13
Physiology Carotid sinus innervation 45
Physiology Characteristic sexual dysfunction 25
Physiology Characteristics of carotid sinus 37
Pathology Etiology, femoral anastomotic aneurysm 24
Pathology Associated condition, carotid fibromuscular dysplasia 18
Pathology Best test diagnoses occult graft infection 41
Pathology Common etiology, femoral artery anastomotic aneurysm 34
Coagulation Common etiology, hypercoagulable states 42
PT, Percent of examinees answering the items correctly.
at different levels of understanding.9 The results of this
survey led the authors to implement a new method in
teaching basic science to dermatology residents.10 An inte-
grated basic and clinical science conference series was
established for resident trainees in dermatology. This series
was favorably evaluated by the residents.10 Sensing the
inadequacy of didactic conferences, a few vascular surgery
program directors recommended innovative ways to pro-
vide basic science teaching. One way was to put the vas-
cular trainees in charge or ask them to provide basic
science teaching to surgical residents. This suggestion is an
interesting one because it forces the vascular trainee to
prepare a topic well enough to be able to teach it. In a way,
this represents a natural progression in the learning
process. In addition, this should also force the faculty to
adequately prepare the vascular trainees before asking
them to teach basic science to surgical residents. It is
important to emphasize that a faculty member should be
present when such assignments are implemented.
Another interesting suggestion was a Web-based cur-
riculum. Before the presentation, our panel discussed this
issue and presented it as an alternative way to teach the
curriculum. A version of a Web-based curriculum would
be recommended to enhance and monitor the teaching
process. There was also a recommendation to have the
APDVS put together a teaching syllabus for vascular resi-
dents and program directors, as well as a review course
dedicated to basic science.
Monitoring of the learning process of the residents is
only performed by 15% of program directors. Those who
undertake this supervision do so by means of frequent
interactions with residents during rounds, teaching con-
ferences, and conferences prepared by the residents. Only
one respondent administers a test that includes basic sci-
ence questions. Therefore, only one program provides a
quantitative method to evaluate the didactic knowledge of
the residents in preparation for the VQE. The lack of an
“in-service” examination in vascular surgery leaves pro-
gram directors without a standardized instrument to eval-
uate the learning progress made by trainees during
vascular residency. The in-service or “in-training” exami-
nation provides an important tool to evaluate the progres-
sion of learning in a surgical training program. Steffes and
Dulchavsky11 have found that there is a progression in the
didactic knowledge during a surgical residency, but pro-
gression is slower for the knowledge of basic science. It is
important to note that because a good number of vascular
surgery programs are 2 years long, an in-service examina-
tion would be more favorable to these programs because
vascular residents have an extra year (which is usually used
for research) to prepare for the examination. However,
even if a vascular inservice examination is instituted, the
required year of vascular surgery training is not long
enough to allow timely return of in-service examination
results, providing the program director with only limited
time to alter the teaching process of a certain trainee dur-
ing his or her year of training. A Web-based question-and-
answer program can provide the program director with an
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ongoing way of monitoring the vascular knowledge of the
trainee, allowing for immediate changes.
Among the answers given to our questionnaire, there
was also no agreement on who should teach basic science.
Although 75% of program directors felt comfortable in
teaching this subject, only 56% thought that all faculty
members can teach it. The rest would assign a specific fac-
ulty member to be responsible for teaching basic science.
This issue is especially important because one respondent
thought that it would be ideal if the program directors and
faculty were role models to the vascular trainees. The feel-
ing of 44% of the program directors that their faculty was
not comfortable in teaching basic science (Fig 1) is quite
telling. It is of paramount importance that the faculty
show interest and be involved in the learning and teaching
processes of basic science. It is not adequate to pay “lip
service”; rather, faculty teaching and involvement are
essential in establishing and promoting a basic science cur-
riculum. If faculty from basic science departments are
called on to help in teaching, they should be discouraged
from simply lecturing on issues of interest to the teacher.
Instead, they should concentrate on teaching pertinent
issues essential to the understanding of the basic science of
vascular disease. This can be established by putting
together a core curriculum that emphasizes and stream-
lines the teaching efforts in vascular residencies.
RECOMMENDATIONS
We propose the following recommendations:
1. Basic science teaching should be an integral part of
vascular disease teaching in vascular residency pro-
grams.
2. A basic science curriculum should be comprehensive,
yet clinically pertinent, and completely integrated with
the clinical curriculum.
3. Emphasis should be placed on augmenting the knowl-
edge base of basic science information of the teaching
faculty.
4. Conferences focusing on problem-based learning,
with a faculty member acting as the “resource per-
son,” are recommended. To guide the trainees, this
resource person should be well versed in basic scien-
tific issues. This format should provide a complete
integration between basic science and clinical teach-
ing. It allows maximum participation by trainees.
Learning is enriched by accessing current literature
and assigned texts; the faculty’s job is to direct and
guide trainees’ discussions to allow them to reach cer-
tain specific goals set forth for a particular confer-
ence.5 These goals should be spelled out as a part of
the curriculum.
5. A Web site should be established that can be linked or
housed in the APDVS site; such a site would be useful
to focus the learning process. In addition, it can be of
great help to the program director to keep track of the
residents’ learning process. It can provide data and
information on an ongoing fashion so priorities can be
set and a program director can make changes to
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enhance the learning process of any certain trainee.
The resident can answer questions relating to a certain
topic at his or her leisure, anytime, anywhere, and
from any personal computer connected to the
Internet. Such a site can be set to provide instant feed-
back to the resident using it. It can also provide up-to-
date data collection ability for the program director to
continuously evaluate the learning progress of the res-
ident. It can also replace the in-service exam because
the length of the approved vascular residency (1 year)
may not lend itself to such an examination.
6. Other recommendations, such as using the vascular
resident as a teaching assistant or establishing a basic
science education session for trainees and faculty,
should be considered.
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